INTRODUCTION
The cervix is continuous with the lower part of the uterus. Its proximal portion is located in the abdomen and its distal portion in the vagina. It has a narrow central canal which runs along its entire length, connecting the uterine cavity and the lumen of the vagina. The opening of this canal into the uterus is called the internal os and the opening into the vagina the external os. It is a firm, cylindrical structure [1] . The length of a normal adult non-pregnant cervix is approximately 30 mm, with an antro-posterior diameter ranging between 20 and 25 mm and a transverse diameter of 25-30 mm, although considerable variations occur due to age, parity and stage of menstrual cycle [2] . It is the part of the uterus responsible for maintaining pregnancy till term. As long as the cervix remains long and firm and its internal orifice (os) is closed, it can withstand enlargement of the uterine contents and resultant growing pressure. During normal pregnancy, the uterine cervix undergoes physiological changes in the extracellular matrix in order to reduce stiffness, but increase its tensile proprieties. The cervix ripens prior to Delivery then effaces and dilates with contractions of the uterus [3] . Ripening of the cervix can be assessed using the Bishop score and ultrasonographically determined length of the cervical canal and internal os. Consistency is one of the cervical properties that change during the course of the maturation process.
Until recently, cervical consistency has been assessed only manually, but in 2007, the first report on elastographic imaging of the cervix during pregnancy has been published [4] . Cervical incompetence is an important contributor to pre-term birth and second trimester pregnancy loss. It is defined as the inability to support a full-term pregnancy because of a functional or structural defect of the cervix. It is reported that the rate of cervical incompetence is between 0.1% and 2%, and is estimated to account for 15% of the recurrent pregnancy losses between 16 and 28 weeks. Identifying patients threatened with cervical incompetence and treating them remains one of the main obstetric challenges [5] .
Ultrasound elastography (UE) depicts the stiffness of tissues. It was first described in the 1990s. It has been further developed and refined in recent years to enable quantitative assessments of tissue stiffness. Elastography methods take advantage of the changed elasticity of soft tissues resulting from specific pathological or physiological processes. Conventional ultrasound (US) has the advantage of being an inexpensive, versatile, and widely available modality that can be used at the bedside, which also applies to USE 
PATIENTS AND METHODS
We conducted a descriptive cross sectional study in the ultrasound unit of radiology department -Fayoum University Hospital between October 2017 -October 2018 after obtaining Approval from research ethical committee in Fayoum University. 40 patients who were eligible for enrollment in this study (being referred from obstetrics and gynecology department, in addition to those who are accidentally discovered during ultrasound examination in Ultrasound Unit) were presented to assess the elasticity characteristics of the cervix and to evaluate the diagnostic performance of Strain Elastography (SE), with regards to cervical incompetence. The diagnosis of cervical incompetence was based on ultrasound measurement of the cervical canal length being less than 3cm. Inclusion criteria were patients referred to Radiology Department in Fayoum University Hospital for evaluation of cervical incompetence, patients who provided written consent, history of abortion or preterm labor, pregnant women between 12-14 weeks, single embryo and cervical length ˂ 30 mm. Exclusion criteria were declined consent, history of cervical surgery, Pregnant women after 14 weeks and Pregnant women who underwent cerculage operation. The following variables were to be assessed in this study; cervical length, internal os diameter, presence of cervical funneling and/or bulging of membranes or fetal parts into cervical canal.
Operator was a single radiologist who was aware of the clinical information and suspected diagnosis in each patient. Baseline B-mode ultrasound of the cervix was performed first to identify cervical length.
The technique for SE was to image the cervix with minimal pressure induced by the transducer.
After a few seconds of immobilization to allow the SE image to stabilize, the image was frozen and saved. The area of interest was set to be the cervical canal, and it was displayed on a semitransparent color map of tissue stiffness overlaid on the gray scale image, ranging from red indicating the lowest stiffness, to purple indicating the highest stiffness. Strain elastography was carried out with the following color coding 
STATISTICAL ANALYSIS
The collected data were organized, tabulated and statistically analyzed using SPSS software statistical computer package version 18 (SPSS Inc., USA). For quantitative data, the mean, standard deviation (SD), and range were calculated. Mann-Whitney-U test and Kruskal-Wallis test were used as a test of significance to compare between two and three groups, respectively. Qualitative data were presented as number and percentages, chi square (χ2) was used as a test of significance. Spearman correlation test was run to identify relation between cervical elasticity and cervical length. For interpretation of results of tests of significance, significance was adopted at p value ≤ 0.05
RESULTS
Our study was conducted in Radiology department, Fayoum University hospital, including 40 Pregnant women with single embryo at 12-14 weeks gestation in whom cervical length ˂ 30 mm with history of previous abortion or preterm labor. Their age ranged between 19 and 34 years (25.5 ± 3.9), the cervical length was identified among them to be less than 30 mm, ranging between (23-28.2) with mean length of (26.4 ± 1.3), their gravidity ranged between (1-5) offsprings with mean (2.5 ± 0.9) and their parity ranged between (0-4) with mean (1.1 ± 0.9). (Table [1 
])
Pregnancy outcome: Data about the delivery were obtained from all the patients. Mean gestational age was 37.7 ± 4.1 weeks ranging from 14 to 40 weeks. Out of 40 patients, 9 patients (22.5%) had preterm deliveries (before37 week) and 31 patients (77.5%) had full term deliveries (after 37 weeks).
Cervical elastography data: At 12-14 weeks of pregnancy, the cervical canal was evaluated by strain elastography by color mapping , and assessed as (according to a four-step color scale) as purple (hard) ,green (medium hard), yellow (medium soft) and red (soft). Our study showed that 14 patients had red cervical canal (soft) (35%), 5 patients had yellow cervical canal (medium soft) (12.5%), 17 patients had green cervical canal (medium hard) (42.5%) and 4 patients had purple cervical canal (hard) (10 %).
Cervical canal length and elastography:
Cervical canal length was measured in each elastography color group as follows: in the Red group (Soft cervix) mean cervical canal length was 26.2 ± 1.6 mm, in the Yellow group (Medium Soft cervix) it was 26.3 ± 1.7mm, in the Green group (Medium hard cervix) it was 26.4 ± 0.9, while in the Purple group (hard cervix) mean cervical canal length was 27.6 ± 0.5mm. In the warm color group (red and yellow) mean cervical length was 26.2 ± 1.9 mm while in the cold color group (green and purple) it was 26.9 ± 0.7 mm. There was no statistically significant difference in mean cervical canal length neither among the four color groups (p = 0.160) nor between the warm colors (red and yellow) and the cold colors (green and purple) groups (p= 0.14).
Cervical elastography and Pregnancy outcome:
The numbers and percentages of preterm deliveries in respective groups were: Red (3 out of 14 patients, 21.4%), Diagnostic accuracy of cervical incompetence in predicting preterm labour: It was found that the Red color group (soft cervix in elastography reading) has 62.5% sensitivity and 70.9 % specificity, with a total diagnostic accuracy of 70% in predicting preterm delivery. When adding the "yellow color" the sensitivity was raised to 87.5%, the specificity to 72.5% and the total accuracy increased to 74.3% of cases of preterm delivery. The sensitivity, specificity, negative predictive value (NPV), positive predictive value (PPV) at 95% confidence intervals for various categories of cervical canal elastography assessment for prediction of high risk of preterm delivery patients are shown in table [3] .
DISCUSSION
It is known that the properties of cervical tissue change during pregnancy and labor. Mechanical devices have been used to objectively assess cervical mechanical properties in pregnancy: it has been shown that the cervix becomes softer and more distensible as the pregnancy progresses [9] . At present screening for patients with high risk of preterm birth is based mainly on the measurement of cervical length at the first trimester scan. Out of all cases of preterm deliveries (< 35 weeks) in 62.7% the cervix length was above 25 mm. These findings justify the search for additional diagnostic tests in patients with normal cervix length. Even in patients with a normal cervix length at 12-14 weeks scan it is possible to identify a group of patients with high risk of preterm birth. It has to be stressed that all of these patients according to current guidelines were classified as lowrisk of preterm birth and did not qualify for additional interventions and monitoring [10] . Cervical tissue strain assessed by elastography was found to be more strongly associated with cervical length than with gestational age at examination [11] .
In our study we used strain elastography to assess the stiffness of cervical canal using a four step color scale. We conducted a study that included 40 patients identified to have short cervix (˂30 mm) to evaluate the role of strain elastography in predicting preterm delivery. Two categories were used to describe cervical canal elastographic readings:
The warm group (softer cervical canal): red (soft) and yellow (medium soft)
The cold group (harder cervical canal): green (medium hard) and purple (hard).
Our results demonstrated that although there was no significant difference in cervical canal length, yet cervical elastography had significant diagnostic accuracy in predicting the risk of preterm birth during the second trimester of pregnancy. For patients with red scale (soft cervical canal), sensitivity of predicting preterm labour was 62.5% and specificity was 70.9% with a total diagnostic accuracy of 71% of cases. When we combined red and yellow cervical canal elastographic readings (i.e. the warm color group), we have observed an increase in sensitivity (87.5%), specificity (72.5%) and total diagnostic accuracy (74.3%).
Wozniak et al conducted a prospective observational study on 333 low-risk, asymptomatic women presenting for the routine second trimester ultrasound scan. The following data were recorded: elastographic color assessment of the internal os and ultrasound cervical length at 18-22 and 30 weeks of pregnancy; maternal age; obstetrical history; presence of cervical funneling at 30 weeks of pregnancy; gestational age at birth. Elastographic assessment of the internal os was performed using a color map: red (soft), yellow (medium soft), green (medium hard) and purple (hard). The number of preterm deliveries (<37 weeks of pregnancy) was significantly higher in the red and yellow groups, than in the blue and purple groups. The sensivity and specifity for both red and yellow internal os assessment in predicting preterm delivery were 85.7% and 97.6% respectively. They concluded that Elastographic assessment of the internal cervical os at 18-22 weeks of pregnancy may identify patients with high risk of preterm delivery in low-risk, asymptomatic women [8] . This is in agreement with the results of current study.
In another study by Wozniak et al, 109 patients with cervical length of ≤ 25 mm at 18-22 weeks were enrolled. Stiffness of the internal cervical os was assessed by elastography. Elastographic assessment of the internal os was performed using a color map: red (soft), yellow (medium soft), blue (medium hard), and purple (hard). 45 cases of PreTerm Deliveries (PTDs) (< 37 weeks of pregnancy) were found in the studied population. The number of PTDs was significantly higher in the red group, than in the blue and purple groups. The sensitivity, specificity, NPV and PPV for the assessment of both, red and yellow internal os for predicting preterm delivery were 
LIMITATIONS
Our study has some limitations. First of all, elastography lacks standardization. That is why to avoid the possible inter observer bias, only one experienced examiner performed all examinations. However, our study is an initial observation, showing that by using elastography it is possible to identify patients threatened with preterm delivery. Further studies focusing mainly on the standardization and intra-and inter-observer variability of this technique are needed. In addition, some patients refused to participate in the study while others failed to complete the study and were not available to be contacted to obtain pregnancy outcome data. They were not included in study population. Furthermore, some patients underwent prophylactic cerculage operations in second trimester so they were excluded from the study population as pregnancy outcome data will not be correlated with cervical elastographic data obtained.
CONCLUSION AND RECOMMENDATIONS
In conclusion, elastography was found to be of high sensitivity and specificity in detecting cervical incompetence. Elastographic abnormalities may precede ultrasound and clinical findings, such as cervical shortening and funneling. It is simple, fast and non-invasive technique that adds more to the total accuracy of the conventional first trimester US exam increasing the confidence of the diagnosis of cervical incompetence. It is simple, fast and non-invasive technique that adds more to the total accuracy of the conventional first trimester US exam increasing the confidence of the diagnosis. It is our recommendation to consider cervical elastography as a part of routine cervix ultrasound exam using color coding to increase confidence of diagnosis. Further studies are needed to consolidate the evidence of such practice. 
